Introduction
Monoamine oxidase and cholinesterase have been demonstrated in tissue sections previously.
However, in studying the specific enzymatic activities of nerve fibers in the skin, there is a distinct advantage in visualizing the localization of these enzymes in the same section.
This paper describes. a technique which clearly identifies fibers containing monoamine oxidase and others rich in acetylcholinesterase in the same tissue section.
Material and Method
Skin specimens from the lid and palm of the galago and from the palm and sole of the lemur were employed for this study. Unfixed tissue or skin fixed in 10% unbuffered neutral formalin for 30 minutes were sectioned on the freezing microtome at 20-30g.
The staining procedure is as follows : 1. Fresh frozen sections were incubated for one hour, sections fixed in formalin were incubated for one and a half hours at 37°C in the substrate solution of G1 e n n e r et al. (1957) for the demonstration of monoamine oxidase.
2. After incubation, the sections were rinsed in several changes of distilled water, and then fixed in 10% neutral formalin for thirty minutes.
3. The sections were washed in distilled water for fifteen minutes, and incubated in the buffered substrate mixtures of Koelle and Friedenwald (1949) , as modified by Gomori <1952), for three hours at 37°C, for the demonstration of cholinesterase activity.
For controls and 0.1 ml. of a 5x 10-3114 aqueous solution of physostigmine salicylate to 10 ml. of the incubating media ; other anticholinesterase agents were also recommended. 4. Remove sections from the incubating solutions, and rinse in several changes of a saturated aqueous solution of sodium sulfate.
5. Place sections in dilute, frsh yellow ammonium sulfide solution for three or four minutes.
6. Wash in distilled water, and mount in glycerin jelly.
Results :
The nerve fibers containing monoamine oxidase are colored blue, while these with cholinesterase are brown in color. In the fixed materials, the color of the formazan does not develop so intensely as in the fresh materials, the incubation period longer than one and half hour causes such dark coloration at the completion of the technique that details cannot be clearly resolved.
Observations
The skin from palm and sole: M e i s s n e r corpuscles abound in specific cholinesterase activity, but the unmyelinated nerve fibers which connect with the corpuscles contain monoamine oxidase. Each corpuscle is served by one to three connecting nerve fibers [ Fig. 3 ]. Large nerve trunks in the hypodermis usually contain two kinds of nerve fibers ; some reactive for monoamine oxidase, the remainder reactive for cholinesterase [ Fig. 1 ]. The smaller trunks, consisting of approximately ten myelinated fibers, usually contain only one kind of fiber.
Bundles composed only of the myelinated fibers containing monoamine oxidase are more frequently encountered than those which are rich in cholinesterase.
In the myelinated fibers, monoamine oxidase activity is strongest in the myeline sheath and the Schwan n's cells, with less activity in the axis cylinder. In the cholinesterase containing fibers, the activity is confined to the axis cylinder.
In the thick bundle, individual nerve fibers containing cholinesterase or monoamine oxidase are not always intermixed, but group of cholinergic nerve fibers are often adjacent to groups of the nerve fibers containing monoamine oxidase.
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Numerous fibers with cholinesterase activity are found around the secretory portions of the eccrine glands in the palm. Fibers that take a straight course along the excretory ducts react for monoamine oxidase only.
The central bulb of the Vat er-Pac in i corpuscles are rich in cholinesterase while a the surrounding lamellae are weakly reactive for monoamine oxidase. The small globular nerve endings in the epidermis, which are demonstrable by the cholinesterase technique alone, are barely distinguishable in the double method since the malpighian layer is colored too darkly to reveal details in the epidermis.
The sinus hairs in the lip:-In the galago short nerve fibers which are reactive for cholinesterase surround the outer root sheath and terminate there in globules rich in cholinesterase. Bundles of fibers, containing monoamine oxidase, penetrate the capsule of the sinus hairs and come in contact with the fibers containing cholinesterase inside.
Motor end-plates and sensory nerve endings of the striated muscle:-The moter plates of the striated muscle are reactive for cholinesterase, but the nerve terminating in the end plates, are branches from thick nerve bundles in the connective tissue and these both contain monoamine oxidase activity.
The branched endings of the sensory nerves which remain on the surface of the sarcolemma are also reactive for cholinesterase, while the nerve fibers connected to them contain monoamine oxidase.
Discussion
When the specimens are unfixed, the blue formazan develops so darkly in the ammonium sulfide solution at the end of the staining method that details are obscured.
However, the distribution of the network of fine nerve fibers in the dermis is more effectively demonstrated in the unfixed tissue. The fixed tissues are more suitable for observations on the relationship between the epidermal appendages and the nerve fibers. Except in the nerve fibers, the deep blue end-product of the histochemical reaction does not always correspond to the exact distribution of monoamine oxidase. True localization of the enzyme as deduced from control sections is recognized in the eccrine sweat glands, the blood vessels, and in the lower parts of the malpighian layer of the epidermis. A false reaction is observed in the horny layer and upper parts of the malpighian layer. To demonstrate the non-specific staining by the tetrazolium salt, the sections are placed in the incubating medium with and without substrate.
The sections incubated in the Nitro-BT dye solution without tryptamine are unstained until they are immersed in the ammonium sulfide. Bound Nitro-BT is then reduced by the ammonium sulfide and the coloration non-specific for monoamine oxidase is produced.
Careful comparison of sections treated in this manner with sections incubated with tryptamine and not treated for cholinesterase, shows the true sites of monoamine oxidase activity.
The parallel relationship of the localization between monoamine oxidase and the deposition of the aza dye is observed in almost all the cellular components of the tissue, except in the horny layer and some layers in the malpighian layer.
When the sections are incubated in advance in the substrate solution for monoamine oxidase containing marsalid phosphate as an inhibitor, the cholinergic nerve fibers are only slightly reactive for cholinesterse.
Marsalid phosphate itself has usually no inhibitory effect on the activity of acetylcholinesterase.
Nevertheless, it seems to affect the activity of cholinesterase as it is demonstrated by this method.
The dual staining method should be accompanied by the single staining method for both monoamine oxidase and cholinesterase.
The dual method shows the morphological relationship between the two kinds of nerve fibers, but the original techniques show the precise tissue activities of these enzymes better. The formazan of Nitro-BT is not readily soluble in lipid (G 1 e n n e r et al, 1957), but from our observations it is evident that the tetrazolium salt is bound to many tissue components.
The bound tetrazolium is visualized only upon reduction with agents like ammonium sulfide.
The blue color which appears in this dual staining technique is partly due to the nonspicific attachment of the dye to the tissue components.
The optimal period of incubation for monoamine oxidase is not variable, but the optimal incubation time for cholinesterase varies slighyly from one tissue to another.
In the skin, the incubation period for cholinesterase is from two and half hours to three hours. Incubation for more than four hours yields fine rod-like crystals at the reactive sites.
According to Z a j i c e k et al (1954) , Cu-thiocholine crystals can be prevented by using 0.9% saline made up to the required volume of the incubation media instead of 25% Na2SO4 To avoid large crystals in the double technique it is suggested that the incubation period should be long enough to get an adequate reaction.
According to G 1 e n n e r et al (1957) , neither myelinated nerve fibers nor striated muscle are reactive for monoamine oxidase.
The author has found monoamine oxidase to be present in the myelinated nerve fibers of human skin (Y a s u d a and Mont a g n a, 1960), and in the loris (Montagna, Yasuda and Ellis, 1961) and the galago (Y asud a, Aoki and Mont a gn a, 1961). The enzyme can be demonstrated by Glenne r's method for monoamine oxidase or by the dual staining technique reported in this paper. The control used show that this is not a non-specific reaction, nor a simple dissolution of the formazan in the lipid of the myelin sheath.
The striated muscles in the palm, sole and lip of the monkeys used in this study are all reactive for monoamine oxidase with both the single staining method and the double staining technique. The smooth muscle in the lip of the galago is reactive for both acetyl-and butyrylcholinesterase with the double technique. Although striated muscle usually contains nonspecific cholinesterase, it cannot be demonstrated by the dual staining method. The reason for this is not clear.
In the double staining method, monoamine oxidase is demonstrated first, since it is impossible to detect monoamine oxidase activity after the cholinesterase technique. It seems likely that the pseudocholinesterase activity is masked by the end product of the oxidative degradation of tryptamine (indole carbonyl compound and pigment, W e i s s b a c h et al, 1957) or that a component of the monoamine oxidase incubating solution may inhibit the reaction for non-specific cholinesterase.
L o e w e n s t e in (1958) reported that the acetylcholine activity of the P a c i n i a n corpuscles obtained from the mesentery and pancreas of the cat is not a typical acetylcholinesterase since its rate of hydrolysis of butyrylcholine is approximately thret3,-thnes that of acetylcholine and no sign of inhibition of enzymatic activity is observed even with substrate concentrations rised up to 0.1 M. by a little amount of thin fibers or tactile end-organs containing cholinesterase, to which fairly thick nerve fibers being reactive for monoamine oxidase come in contact around the outer root sheath after penetrating the capsule. Fig. 3 . The cross section of the nerve bundles is demonstrated in a specimen from the sole of lemur.
The large nerve trunks contain two kinds of nerve fibers ; some of them are reactive for monoamine oxidase, whereas the others have cholinesterase activity. Monoamine oxidase is abundantly encountered in the myeline sheath and sparsely in the axis cylinder.
On the contrary, the activity of cholinesterase is exclusively obseaved in the axis cylinder. The blood vessel wall shows strong concentration of monoamine oxidase.
Plate I Fig. 1 . Fig. 2 . Fig. 3 
